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Seed Source Variation in Morphology, Germination and Seedling Growth
of Jatropha curcas Linn. in Central India

By H. S. GINWALL™, S. S. PHARTYAL!, P. S. RawaT? and R. L. SRIVASTAVA?

(Received 10t May 2005)

Abstract

The aim of the study was to determine source varia-
tion in Jatropha curcas seeds collected from ten loca-
tions in Central India. A significant seed source varia-
tion was observed in seed morphology (colour, size and
weight), seed germination (viability, germination per-
cent, germination energy, germination value) and
seedling growth parameters (survival percentage,
seedling height, collar diameter, leave/plant, and
seedling biomass). The seed source of Chhindwara (M.P.)
was found as the best source in comparison to others.
The phenotypic and genotypic variance, their coefficient
of variability and broad sense heritability also showed a
sizeable variability. This offers a breeder ample scope to
undertake screening and selection of seed sources for
the desired traits. Further, high percentage of heritabili-
ty coupled with moderate intensity of genetic gain, was
observed for seed germination traits, which signifies
that germination is under strong genetic control and
good amount of heritable additive genetic component
can be exploited for improvement of this species.

Key words: Jatropha curcas, variation, seed source, variability,
heritability, genetic gain, seed germination, germination ener-

gy.

Introduction

Jatropha curcas Linn. (physic nut or Ratanjot), a
genus of family Euphorbiaceae, is believed to be a native
of Mexico and Central America. It has been introduced
in Africa and Asia and is now cultivated worldwide. Por-
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tuguese introduced physic nut as an oil yielding plant in
India. It is a multipurpose, deciduous, small tree (or
large shrub), reported to be cultivated in drier sites of
central and western parts of India. Recently, it has also
been introduced in the northern and southern states
under massive plantation work to enhance livelihood of
rural people and simultaneously to develop wasteland.
Jatropha curcas is a prominent species with vide variety
of uses. Seeds, leaves and bark are used in traditional
medicine and for veterinary purposes. The oil has a
strong purgative action and is also widely used for skin
diseases and to soothe rheumatic pain. A decoction of
leaves is used against cough and as an antiseptic after
birth (HELLER, 1996).

In recent years energy conservation and its alterna-
tive production has acquired significant importance in
the wake of the world energy crisis. Since the oil crisis of
the 1970s and recognition of the limitations of world oil
resources, most of the oil importing countries including
India has been highly motivated to develop alternative
sources of energy to meet their domestic needs from nat-
ural resources. oJ. curcas has been found highly promis-
ing species which can yield oilseed as a source of energy
in the form of bio-diesel owing to its short gestation peri-
od, hardy nature, high quality oil content, etc. The oil
can also be used in soap and candle industries and its
by-product glycerine can be used in the pharmaceutical
industry.

Considering vast semi-wild distribution of JJ. curcas in
different parts of India, it would be expected to have
considerable genetic variation. Sufficient information on
such aspect is lacking in this species in spite of its many
uses. Environmental factors in combination with genetic
and physiological factors play important role in determi-
nation of plant potential for seed quality. These charac-
ters appear to be under strong genetic control (ROY et
al., 2004). Depending on the species, germination
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responses of seed vary according to geographical and
environmental factors, viz. latitude, elevation, soil mois-
ture, soil nutrient, temperature, kind and density of
plant cover, degree of habitat disturbance of the site
where the seed matures. So far, only few records of
provenance trials of the J. curcas exist where an
attempt was made to examine the genetic variation
(HELLER, 1996; GINWAL et al., 2004). The objective of the
present investigation was to understand the nature,
extent and pattern of variation existing in different pop-
ulations of ¢J. curcas in respect to seed morphology, ger-
mination and seedling growth. Such an investigation
may help in early evaluation of criteria for selection of
some prominent traits both in the laboratory and nurs-
ery conditions, which may be related to subsequent per-
formance in the field.

Material and Methods

Seeds were collected from ten sources spread in the
state of Madhya Pardesh and adjoining regions of Maha-
rashtra in central India, with considerable geographic
isolation. The area sampled ranged from 73.23° to
81.4°E longitude and 19.35° to 23.2°N latitude (Table I).
From each of the sources, seeds were collected from ten
average marked trees, located about 100 m apart from
each other in order to avoid narrowing down of the
genetic base due to relatedness or inbreeding (TURN-
BULL, 1975). The variation in seed and seedling charac-
teristics was investigated as under:

Seed morphology

From each seed lot of the ten sources, colour of fresh
seeds was determined by matching them with the stan-
dard colour chart published by the Royal Horticulture
Society (1966). Further seeds were drawn randomly and
measured for their maximum length, width and thick-
ness in millimetre up to two decimal places using an
electronic vernier calliper. For measurement of seed
weight 8 replicates with 100 seeds each were used and
expressed as weight of whole seed, seed coat and kernel.

Seed germination and seedling growth traits

Seeds were air-dried properly and fumigated with
Nuvan, thereafter treated with 0.1% Captan before stor-
ing in container at ambient room temperature. Germi-
nation trials were conducted both in laboratory and
nursery condition, after giving a uniform treatment of
24 h pre-soaking of seeds in normal water. In laboratory
condition, seeds were germinated at an alternative tem-
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perature of 30/20°C with 8/16 h illumination on moist
white quartz sand using four replicates of 100 seeds
each. Test was terminated on 28% day when no further
germination was observed. In nursery, four replicates of
100 seeds each were sown in poly bags around mid Feb-
ruary at Tropical Forest Research Institute, Jabalpur,
India.

The potting media consisted of soil : sand : FYM mixed
in the ratio of 1:1:1 (volume basis), treated with aldrex
to avoid any chance of insect attack. Irrigation and
weeding was carried out regularly and when required.
In both the cases, seeds were considered germinated
when the radicle had emerged about 1-cm above the sur-
face of sowing media. Seed germination was recorded
and quantified as viability percentage, germination per-
centage, germination energy, and germination value
(CzABATOR, 1962). Seedling traits in nursery were
recorded for plant survival percentage (after 1 and 6
months), seedling height (in cm), collar diameter (in
mm), number of leaves per plant, above and below
ground biomass and total biomass (g/seedling). For each
parameter 25 plants per seed source were selected.

Statistical analysis

Data were subjected to analysis of variance and covari-
ance. The variance component : Vp (phenotypic variance),
Vg (genotypic variance), V, (environment variance) were
calculated according to GUPTA (1994). Coefficient of vari-
ation, PCV (phenotypic coefficient of variation), GCV
(genotypic coefficient of variation), ECV (environment
coefficient of variation), broad sense heritability, esti-
mated genetic advance and genetic gain were deter-
mined as suggested by JOHNSON et al. (1955 a,b).

Results

Seed morphology

Seed sources of J. curcas revealed slight difference in
seed colour pattern of their seed-coat (Table 1). Seeds
collected from Gondia and Balaghat matched to the
black group (202A) colour pattern, while remaining
matched to three brown groups, i.e. 200 A, B, C. Weight
of the whole seeds and its components revealed maxi-
mum weight in Chhindwara source while it was signifi-
cantly low for Balaghat and Jabalpur sources. The co-
efficient of variance (CV) for weight of whole seeds,
seed-coat and kernal were recorded 10.25, 6.15 and
13.18% respectively (Table 2). Seed size, i.e. length,
width and thickness has also shown a similar trend.
Maximum seed size was recorded for Chhindwara

Table 1. — Geographic information of the seed sources of JJ. curcas and their seed-coat color pat-

tern.
S.No. Seed source Latitude Longitude Altitude Rainfall Mean Temp. Seed Colour
‘'N) ¢“E) (masl) (mm) C (min-max)

1 Gondia (MP) 20.38 79.50 550 1200 13.4-42.6 Black Group (202 A)
2 Bichhia (MP) 22.26 80.42 450 1490 8.7-43.0 Brown Group (200 C)
3 Balaghat (MP) 23.20 79.57 70 1253 10.8—43.5 Black Group (202 A)
4 Niwas (MP) 21.32 81.4 450 1365 8.2-432 Brown Group (200 C)
5 Khandwa (MP) 22.10 75.56 500 1272 11.5-42.9 Brown Group (200 A)
6 Burhanpur (MP) 21.20 76.11 250 1272 11.5-429 Brown Group (200 A)
7 Nasik (Mahrashtra) 19.35 73.23 513 714 8.7-36.4 Brown Group (200 B)
8 Chhindwara (MP)  21.27 78.15 900 1063 42-41.6 Brown Group (200 A)
9 Kundam (MP) 23.12 80.21 380 1253 10.8 —43.5 Brown Group (200 B)
10 Jabalpur (MP) 22.49 79.22 393 1263 11.0-43.5 Brown Group (200 C)
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Table 2. — Variability estimates in J. curcas for seed and seedling traits in labo-

ratory and nursery conditions.

S.No. Parameters Range Mean CD CV %
1 Weight of 100 whole seeds (g) 2.95-3.91 349  0.237 10.25
2 Weight of 100 seedcoat (g) 1.14-1.38 1.29  0.092 6.15
3 Weight of 100 kernel 1.79-2.54 220 0251 13.18
4 Seed length {mm) 17.47-18.64 18.12 0.502 2.00
5 Seed width (mm) 10.83-11.35 11.06 0235 1.31
6 Seed thickness (mm) 8.47-9.14 892  0.376 2.18
7 Seed viability % (Lab) 75.25-91.25 84.58 3.05 6.57
8 Seed germination % (Lab) 61.25-85.75 74.48 2.01 10.03
9 Germination energy % (Lab) 46.75-75.0 6095 1.30 11.27
10 GV (Lab) 25.59-57.4 4125 2.89 2741
11 Seed germination % (Nry) 57.5-7875 68.13 143 926
12 Germination energy % (Nry) 40.25 - 60.25 50.5 148 9.92
13 GV (Nry) 1446 -29.67 21.87 130 27.12
14 Seedling survival % after 1 month 97.09-99.36 9822 1.16 0.83
15 Seedling survival % after 6 months 96.67-99.04 97.82 0.90 0.84
16 Seedling height (¢cm) in 6 months 40.94-53.33 47.09 222 8.15
17 Collar diameter (mm) in 6 months 13.46-18.97 1598 1.33 9.11
18 No. of leaves/plant after 6 months 9.87-16.40 13.19 2.13 12.61
19 Above ground biomass (g/seedling) in 6 months 7.96 - 10.68  9.192 0.57 9.74
20 Below ground biomass (g/seedling) in 6 months 1.99 - 2.64 227 020 9.02
21 Total biomass (g/seedling) in 6 months 9.95-1343 1148 0.65 9.70

source while minimum for Gondia. The CV for these
traits was found 2.00, 1.31 and 2.18 %, respectively.

Seed germination and seedling growth traits

Variation in seed viability, germination percentage,
germination energy and germination value (GV) of seeds
grown in laboratory was found significant among differ-
ent seed sources with CV of 6.57, 10.03, 11.27 and
27.41%, respectively. Maximum values for these para-
meters were recorded for Chhindwara seed source while
minimum for Gondia sources. Almost a similar trend
was noticed in nursery germination percentage, germi-
nation energy and GV with CV of 9.26, 9.92 and 21.12%,
respectively. The survival percentage of seedlings after
one and six months of seed sowing in nursery revealed a
maximum of about 99% survival in Chhindwara source
which was at par with Niwas, Bichhia, Kundam and
Nasik. The CV was recorded very low, viz. 0.83 and
0.84 %, respectively at both the age interval (Table 2).
Growth parameters were determined through measure-
ment of seedling height, collar diameter, leaves/plant,
above and below ground biomass, and total biomass
after six months of sowing under nursery condition.
Height growth varied significantly, cross the sources,
maximum seedling height (53.33 ¢cm) was recorded in

Chhindwara source while minimum (40.94 cm) in
Gondia source. The coefficient of variation (CV) between
the sources for this trait was 8.15%. The collar diame-
ter, leaves/plant, above and below ground biomass, and
total biomass has also revealed a more or less similar
pattern. The CV for those parameters was recorded 9.11,
12.61, 9.74, 9.02 and 9.70 %, respectively (Table 2).

Genetic analysis

Wide differences have been recorded for variance com-
ponents of seed germination and seedling growth para-
meters of J. curcas seeds (Table 3). The highest pheno-
typic variance was found for the laboratory germination
value (173.08) while the least for below ground biomass
(0.044). The genetic variance varied from 0.044 to 169.11
for the same parameters. For the environment variance
the maximum value was recorded for seed viability per-
centage in laboratory conditions (6.61) while minimum
for below ground biomass (0.019). The seed vigour, i.e.
germination value in nursery and laboratory conditions
exhibited the highest value of PCV (31.494) and GCV
(31.52), respectively, while ECV recorded maximum
(9.20) for below ground biomass (Table 3). The phenotyp-
ic and genotypic variance and their coefficient of vari-
ability for most of the parameters of seed germination

Table 3. — Variances, coefficient of variability and estimate of genetic component in oJ. curcas for seed and seedling

traits observed in laboratory and nursery conditions.

S. Parameters Variances Co-efficient of Genetic component
No. variability
Vp Vg ‘ Ve |PCV [GCV ‘ ECV | Herita- | Genetic | Genetic

bility advance | gain
1 Seed viability % (Lab) 45.19 3858 6.61 7.93 7.33 3.03 85371 11.821 10.065
2 Seed germination % (Lab) 111.38 107.44 394 14.17 13.92 2.67 96460 20971 28.160
3 Germination energy % (Lab) 128.73 126.49 224 18.62 18.45 2.45 98.260  22.966 37.680
4 GV (Lab) 173.08 169.11 398 31.39 31.52 4.83 97.703 26479  64.190
5 Seed germination % (Nry) 9438 91.898 2.484 14.260 14.07 2314 97368 19.486 28.605
6 Germination energy % (Nry) 83.17 80.058 3.107 18.059 17.72 3.491 96.264 18.084 35.810
7 GV (Nry) 4744  46.65 0.797 31494 31.23 4.080 98320 13.951 63.788
8 Seedling survival % after 1 month 1315 0.677 0.638 0.838 0.838 0.814 51.468 1.216 1.238
9 Seedling survival % after 6 months 1.161 0.775 0.386 1.101 0.899 0.635 66.770 1.448 1.516
10 Secedling height (cm) in 6 months 21.21 18.855 2.346 9.780 9.221 3.253 88.897 8.434 17.910
11 Collar diameter (mm) in 6 months 3385 2544 0.840 11.510 9.998 5.737 75.168 2.849 17.827
12 Above ground biomass (g/scedling) in 6 months  1.173  1.017  0.156 11.785 10.972 4.303 86.668 1.934 21.040
13 Below ground biomass (g/seedling) in 6 months  0.044  0.044 0.019 9.216 9.200 9.200 99.662 0.432 18.920
14 Total biomass (g/scedling) in 6 months 1.787 1.585 0.201 11.643 10.960 3.900 88.720 2.440 21.250
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and seedling traits were found to be higher than corre-
sponding environmental variance and environmental
coefficient of variability (ECV). Heritability values were
recorded over 75% for majority of the traits except for
survival percentage. The genetic advance ranged from
26.479 (GV in lab) to 0.432 (below ground biomass)
while genetic gains were recorded maximum of 64.19 for
GV in lab and minimum of 1.238 for survival percentage
after 1 month (Table 3).

Discussion

The seed sources of J. curcas exhibited considerable
amount of variation in morphological traits of the seeds.
Analysis of variance of the data on seed weight and seed
size showed that the difference between seed sources
were significant (p < 0.05). The co-efficient of variation
observed was very low with regard to seed size (< 2.2)
while moderate for seed weight (10.25—-13.18). Chhind-
wara seed source showed an excellent and stable perfor-
mance in respect of almost all traits of seed morphology,
seed germination and seedling growth. As reported else-
where, this seed source was found to have maximum
yield potential of Jatropha oil (GINWAL et al., 2004). The
location of Chhindwara source is at fairly high altitude
in comparison to others and is characterized with less
rainfall, moderately high temperature and better soil
depth as compared to the other sources (GINWAL et al.,
2004). Perhaps this might have lead to a better growth
of seedlings and improvement in seed characters. Varia-
tion in J. curcas seed sources with respect to their mor-
phological characters of seed and seedlings could be due
to the fact that this species grows over a wide range of
climatic conditions. Populations must have experienced
marked differences in selective pressure. Since the seeds
were collected from different locations, from trees
approximately of the same age, therefore, differences
observed in seed parameters may be attributed to genet-
ic in nature as a result of adaptation to diverse environ-
mental condition prevailing throughout their distribu-
tional range (MATHUR et al., 1984). Apart from age,
vigour, crown exposure and genotype of mother tree, soil
and climate of the place of seed origin are important fac-
tors affecting the seed traits (SALAZAR and QUESADA,
1987).

The variance registered in J. curcas for seed germina-
tion, seedling growth and biomass parameters showed
considerable variation. The small value of error or envi-
ronmental variances of the seedling growth traits sug-
gests that majority of characters are under genetic con-
trol. All the variability estimates for seed behaviour
have expressed high genotypic variability and heritabili-
ty. The genotypic coefficients of variability and heritabil-
ity were recorded to be high for viability of seed, germi-
nation percentage, germination energy and GV. Heri-
tability in broad sense may give useful indication about
the relative value of selection of the material at hand
(GINWAL and GERA, 2000). Except for seed viability, other
parameters of seed behaviour exhibited moderate genet-
ic gains of 28 to 64.19 % under laboratory condition. It is
reported that genotype has very strong influence on
vigour of the seed (ScHMIDT, 2000). Similarly, under
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nursery condition genotypic variance was recorded very
close to phenotypic variance accompanied by very high
heritability. However, the pattern has been observed to
be the same for genotypic co-efficient of variability. The
genetic gains obtained for all parameters except sur-
vival percentage were moderately high suggesting that
the additive gene effects were highly heritable. There-
fore, selection based on these parameters holds good for
nursery conditions on seed behaviour.

Since germination energy is a measure of speed of ger-
mination, it gives an idea of the vigour of the seed and of
the seedling, which it produces (WILLAN, 1985). The
interest in germination energy is based on the theory
that only those seeds which germinate rapidly and vig-
orously under favourable conditions are likely to be
capable of producing vigorous seedling in field condi-
tions, whereas weak or delayed germination is often
fatal (ALbHOUS, 1972). Result of the present study
strongly supports this hypothesis as seed sources having
higher seed germination also had better field perfor-
mance. Germination value is a further expression of ger-
mination energy and has been used as an integrated
measure of seed quality in Acacia nilotica (GINWAL and
GERA, 2000), Pinus keriya (COSTALES, 1978), Pinus rox-
burghii (Roy et al., 2004) and Terminalia ivorensis
(OKORO, 1976).

The differences observed for germination parameters
are genetic in nature because the environmental devia-
tions were negligible for the experimental site, while the
randomization and replication must have further
reduced the chances of site effects. This also explains
the variation in observed phenotypic values (VAKSHASYA
et al., 1992). In the present study, the seed sources are
evenly distributed resulting in lack of large climatic dif-
ferences within the sampling ranges. However, small
and distant pockets of J. curcas plants scattered within
different seed sources may have restricted gene flow
from population to population and therefore, resulted in
a discontinuous type of variation in germination charac-
teristic, which are genetically controlled (WHITTINGTON,
1973).

The present study revealed that considerable genetic
variability exists in J. curcas with respect to seed mor-
phology, seed germination and seedling growth charac-
teristics. On the basis of our results, eventually, it may
be concluded that the Chhindwara source is superior
among all seed sources. Therefore, it is advisable that
this seed source should be used for collection of bulk
quantity of seeds to achieve better productivity.
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Optimal Clone Number for Seed Orchards with Tested Clones
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Abstract

The optimal number of clones in seed orchards is dis-
cussed. A model is constructed to maximize a goodness
criterion (“benefit”) for seed orchards. This criterion is a
function of: 1) the number of tested genotypes available
for selection and planted in seed orchard; 2) the contri-
bution to pollination from: a) the ramet itself; b) the
closest neighbors; ¢) the rest of the orchard and sources
outside the orchard (contamination); 3) variation among
genotypes for fertility; 4) frequency of selfing; 5) produc-
tion of selfed genotypes; 6) gene diversity (= status num-
ber); 7) influence of contamination; 8) genetic variation

1) D. LINDGREN, Department of Forest Genetics and Plant Physi-
ology, Swedish University of Agricultural Sciences, S-90183
Umed, Sweden. Email: Dag.Lindgren@genfys.slu.se.

2)F. PRESCHER, Svenska Skogsplantor AB, Seed produc-
tion, S-34014 Lagan, Sweden. Email: Finnvid.Prescher@
skogsplantor.se.

*) Corresponding author: FINNVID PRESCHER.

80

DOI:10.1515/sg-2005-0013
edited by Thinen Institute of Forest Genetics

among candidates; 9) correlation between selection cri-
terion (e.g. height in progeny test) and value for forestry
(e.g. production in forests from the orchard); and 10) the
number of clones harvested. Numeric values of the
entries are discussed, and values were chosen to be rele-
vant for scenarios with Swedish conifers (focusing on
Scots pine) and for loblolly pine. Benefit was maximized
considering the number of clones. The optimum was 16
clones for the Swedish scenario, while less for the loblol-
ly pine scenario. The optimum was rather broad, thus it
is not essential to deploy the exact optimum, and an
approximate optimum will do. A sensitivity analyses
was performed to evaluate the importance of the likely
uncertainty and variation in different entries. Quantifi-
cation of the benefit of gene diversity is important.
Other significant considerations are the genetic vari-
ance in the goal character and the ability to predict it,
as well as the impact of selfing and the variation in
reproductive success between clones. Twenty clones is
suggested as a thumb rule for Swedish conifers.
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